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MAGNETIC  RECORDING  OF  ACOUSTIC  DATA  ON 
AUDIOFREQUENCY  TAPE  RECORDERS 

Edwin  D.  Burnett,  Edith  L.  R.  Corliss,  and  Raymond  D.  Berendt 

This  Technical  Note  discusses  the  application  of  magnetic 
tape  recording  to  storage  and  analysis  of  data  obtained  in 
the  course  of  acoustic  measurements.   In  general,  the  most 
suitable  machines  are  those  designed  primarily  for  recording 
studios.   Advantages  in  signal-to-noise  ratios  and  extended 
linear  range  can  be  realized  by  careful  choice  of  recording 
medium,  adjustment  of  the  equipment  to  optimum  performance, 
and  proper  care  in  monitoring  the  recording  process.   Gen- 
eral instructions  for  realizing  these  advantages  are  given. 
Particular  emphasis  is  given  to  the  procedures  for  making 
well-calibrated  recordings  in  the  field,  for  analysis  of 
noise  problems. 

Key  words:  Acoustic  measurements;  calibrated  tape  record- 
ings; data  acquisition;  magnetic  recording;  psycho acoustic 
data;  recordings  in  the  field;  tape  recording. 

1.   INTRODUCTION 

Audio-type  tape  machines,  ordinarily  used  for  recording  music,  are 
widely  used  for  instrumentation  applications.   For  example,  in  studies  Of 
community  noise,  signals  are  recorded  in  the  field  on  tape  to  be  analyzed 
later.   In  psychoacoustic  experiments,  where  the  same  stimuli  are  to  be 
presented  to  a  number  of  human  subjects,  the  tape  storage  medium  makes 
the  experiments  feasible. 

The  machines  used  are  often  admirably  suited  for  technical  work  of 
this  nature,  even  though  the  original  purpose  for  which  they  were  de- 
signed is  more  esthetic  than  quantitative.  However,  there  are  limita- 
tions in  performance  that  are  not  obvious  to  everyone  using  these  record- 
ers. We  wish  to  point  out  these  limitations,  and  to  describe  methods  for 
obtaining  optimum  results.   Some  of  the  material  we  will  present  is  wide- 
ly, perhaps  universally,  recognized  in  the  commercial  studio  recording 
industry,  but  seems  little  known  to  those  whose  specialty  is  not  tape  re- 
cording. 

The  information  given  here  supplements  the  detailed  instructions 
given  in  the  manuals  supplied  by  manufacturers  of  recording  equipment. 


The  procedures  given  in  the  manuals  apply  to  the  specific  equipment  pro- 
vided by  the  manufacturer.   The  suggestions  presented  here  are  general 
techniques  for  improving  the  adjustment  of  recorders,  maintaining  close 
control  of  the  level  of  the  signals  on  the  tape,  and  maintaining  the  best 
adjustments  for  dynamic  range  and  bandwidth. 

An  extended  discussion  of  the  levels  and  equalization  characteris- 
tics used  in  recording  can  be  found  iri  J.  G.  McKnight's  paper,  "Absolute 
Flux  and  Frequency  Response  Characteristics  in  Magnetic  Recording"  [1]. 
We  suggest  that  this  paper  be  read  by  anyone  concerned  with  magnetic  re- 
cording. 

Although  general  principles  for  maintaining  the  quality  of  magnetic 
tape  recordings  are  common  to  all  recorders,  the  material  to  be  presented 
here  is  not  intended  to  apply  in  all  respects  to  analog  instrumentation 
recorders  which  may  be  used  for  recording  in  a  frequency  band  other  than 
the  audiofrequency  range,  and  which  may  often  use  different  types  of 
tape,  different  equalization,  tape  speeds,  and  track  format. 

The  premise  taken  throughout  is  that  the  costs  of  the  magnetic  re- 
corders and  recording  tape  are  negligible  as  compared  to  the  rest  of  the 
experiment  or  data-taking  process,  and  that  any  compromise  that  econo- 
mizes on  tape  costs  against  results  is  necessarily  a  poor  compromise. 

2.   THE  RECORDING  MEDIUM 

For  serious  measurements  of  audiofrequency  phenomena  or  for  psycho- 
acoustic  work,  one  should  make  use  of  the  best  tapes  available.   In 
general,  many  of  the  design  problems  in  the  tape  recording  machines  them- 
selves are  more  readily  solved  than  are  the  difficulties  inherent  in  the 
tape  medium.   The  limitations  of  the  tape  itself  will  be  the  major  con- 
straints on  linearity  and  signal-to-noise  ratio,  if  the  recording  is  made 
on  a  good  tape  machine. 

There  have  been  significant  improvements  in  tape  in  the  last  few 
years.   "Low-noise  tapes"  are  now  made  by  several  manufacturers.   These 
low-noise  tapes  will  permit  a  five-dB  greater  dynamic  range^  to  be  re- 
corded than  will  the  usual  commercial  tapes.   A  special  tape  is  also 

Figures  in  brackets  indicate  the  literature  references  on  page  27 . 
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available  that  is  claimed  to  have  a  dynamic  range  three  dB  better  than 
even  the  low-noise  tapes.   It  is  intended  for  use  in  making  tape  masters. 
It  uses  nominally  the  same  conditions  for  equalization  and  bias  as  does 
the  low-noise  tape  made  by  the  same  manufacturer,  so  that  it  is  inter- 
changeable on  a  tape  recorder  set  up  for  low-noise  tapes  of  corresponding 
origin  with  a  minimum  of  further  adjustment. 

Also  recently  available  is  a  "low-noise,  low-print"  tape,  which  has 
the  same  nominal  characteristics  as  "low-noise"  tape,  except  for  five  dB 
less  print-through .   This  is  an  excellent  tape  for  speech,  where  there 
may  be  silent  portions  where  print-through  is  particularly  obvious.   This 
would  also  be  our  tape  of  choice  where  long-term  storage  is  contemplated. 

With  a  two-channel  tape  recorder  in  good  adjustment,  a  signal-to- 
noise  ratio  of  60  dB,  with  an  input  signal  level  of  +6  vu,  should  be 
available  with  low-noise  tapes.   On  a  single-channel  full-width  record- 
ing, the  corresponding  signal-to-noise  ratio  should  be  65  dB.   It  should 
however,  be  pointed  out  that  these  figures  are  for  the  ratio  between  a 
particular  level  of  a  single  frequency  recorded  on  the  tape,  and  the 
noise  in  a  quiet,  unrecorded  portion  of  the  tape.   Actually,  accompanying 
each  signal  recorded  on  the  tape  there  is  another  noise  that  is  difficult 
to  evaluate,  called  the  "modulation  noise".   This  noise  is  a  fixed  per- 
centage of  the  signal  level,  usually  approaching  one  percent  of  the  sig- 
nal amplitude  (i.e.,  about  40  dB  below  the  signal  level).   This  noise  is 
well  above  the  level  of  the  residual  noise  on  a  tape  that  has  been  passed 
through  the  recording  process  with  no  signal  applied. 

The  dynamic  characteristics  of  overload  at  the  high  end  of  the  re- 
cording range  are  nearly  alike  for  many  American-made  tapes.   At  the  "0 
vu"  level  on  American  tape  recorders,  corresponding  to  a  magnetic  flux  of 
210  nWb/m,  the  distortion  is  nominally  one  percent  at  400  Hz.   With  most 
modern  tapes,  this  nominal  figure  is  a  bit  high;  typically,  the  distor- 
tion is  about  0.7  percent.   At  a  level  six  dB  above  0  vu,  the  nominal 
distortion  at  400  Hz  is  given  as  three  percent  (but  usually  observed  to 
be  about  two  percent).   Saturation  at  low  frequencies  (those  frequencies 
having  recorded  wavelengths  of  more  than  10  mils  [.25  mm])  occurs  for  an 
Input  level  about  14  dB  above  the  210  nWb/m  reference  flux  level.   For 
this  input,  the  output  at  saturation  is  12  dB  above  0  vu  output. 
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There  are  tapes  that  differ  somewhat  in  their  properties  from  the 
general  features  given  above.   For  example,  the  mastering  tape  referred 
to  earlier  remains  linear  to  levels  about  three  dB  higher  than  the  above 
figures.   In  general,  tapes  designated  as  "double-play"  and  "triple-play" 
will  have  inferior  overload  characteristics  and  require  different  bias 
and  equalization  adjustments  because  of  the  thinner  oxide  coatings. 
High-output  tape  differs  in  its  coating,  also,  and  requires  special  ad- 
justments. 

We  checked  the  characteristics  of  three  types  of  tape:   low-noise 
tape,  master  tape,  and  triple-play  tape.   The  results  are  shown  in  Table 
1,  for  15  ips  (inches  per  second)  and  Table  2,  for  7-1/2  ips .   These  data 
were  obtained  with  the  high-frequency  record  equalization  disconnected,  so 
that  the  variation  of  sensitivity  with  frequency  can  be  seen.   The  sig- 
nificance of  the  changes  with  tape  speed  and  bias  condition  will  be  dis- 
cussed later.   Here,  we  shall  discuss  the  characteristics  at  15  ips  and 
with  peak  bias. 

The  saturation  output  at  1  kHz  may  be  considered  as  being  represent- 
ative of  all  frequencies  below  1  kHz.   In  recording,  a  pre-emphasis  of  3 
dB  at  50  Hz  is  applied,  with  a  corresponding  de-emphasis  on  playback. 
This  reduces  the  apparent  saturation  level  at  very  low  frequencies  by  the 
amount  of  the  playback  de-emphasis.   All  tapes  are  affected  equally  by 
this  so  we  need  not  consider  frequencies  below  1  kHz  in  comparison 
studies . 

The  most  important  figures  are  the  saturation  output  and  the  noise 
level,  as  these  determine  the  absolute  dynamic  range  that  can  be  re- 
corded.  Notice  that  for  low-noise  tape   the  saturation  level  is  nearly 
independent  of  frequency.   This  is  a  desirable  situation  for  instrumenta- 
tion applications.   At  low  frequencies,  the  mastering  tape  does  saturate 
at  a  level  2.5  dB  higher  than  does  low-noise  tape,  which  is  essentially 
as  is  claimed  for  it.   At  high  frequencies,  the  saturation  level  de- 
creases to  slightly  below  that  of  low-noise  tape.   The  noise  level  was 
2  dB  less  for  the  low-noise  tape  than  for  the  master  tape,  so  the  dynamic 
range  available  with  these  particular  lots  of  tape  was  essentially  the 
same  for  the  two  types.   The  master  tape  met  its  noise  specifications; 


the  low-noise  tape  was  2  dB  quieter  than  its  specifications  called  for. 
This  bonus  cannot  be  assumed  for  all  batches  of  the  tape. 

Triple-play  tape  has  a  low-frequency  saturation  level  which  is  6.5 
dB  less  than  that  of  low- noise  tape.   Its  noise  is  5  dB  higher,  so  the 
overall  dynamic  range  is  11.5  dB  less  than  for  low-noise  tape.   Its 
high  frequency  saturation  level  increases  to  that  of  low-noise  tape,  but 
for  the  spectral  distributions  found  in  most  signals  this  does  not  jus- 
tify its  use  for  audio  instrumentation  applications. 

Some  types  of  instrumentation  tape  will  perform  very  well  in  audio 
applications  and,  depending  on  the  tape,  will  offer  a  somewhat  more  uni- 
form output.   For  applications  where  this  is  of  paramount  importance,  an 
appropriate  instrumentation  tape  should  be  considered.   Otherwise,  low- 
noise  tape  is  usually  superior  for  audio  applications.   Some  instrumenta- 
tion tapes  are  designed  for  very  short  wavelength  recording,  and  must  be 
avoided  for  audio  range  work  as  their  dynamic  range  is  limited. 

In  Ref.  [2]  a  tabulated  summary  of  the  physical  and  magnetic  prop- 
erties of  a  number  of  tapes  of  European  and  American  origin  is  presented. 

There  is  a  tendency  for  tapes  of  European  origin  to  saturate  at  a 
higher  level  than  American-made  tapes.   The  tape  noise  is  also  higher,  so 
the  overall  signal-to-noise  ratio  is  not  necessarily  better.   These  rela- 
tions do  not  apply  to  every  tape  type;  the  characteristics  of  any  type 
under  consideration  should  be  examined  individually. 

In  an  effort  to  extend  the  dynamic  range  of  tape  recordings ,  some 
tape  recorders  provide  a  "linearity  control".   This  control  actually  in- 
troduces a  controlled  amount  of  odd-order  harmonic  distortion,  opposite 
in  phase  to  the  odd-order  harmonic  distortion  that  normally  appears  at 
high  levels  in  the  recording  tape.   This  can  produce  a  material  decrease 
of  distortion  at  levels  where  saturation  distortion  is  incipient,  but 
obviously  it  cannot  permit  linear  recording  beyond  the  absolute  limit  of 
saturation  on  the  tape.   Unfortunately,  the  phase  characteristics  of  the 
recording  process  may  change  at  high  frequencies ,  and  the  linearization 
process  may,  in  fact,  increase  the  distortion  at  high  frequencies.   This 
pitfall  should  be  kept  in  mind  when  the  signals  to  be  recorded  have  a 
large  content  of  high-frequency  components. 
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Most  types  of  magnetic  coatings  for  tape  recording  are  available 
with  a  choice  of  either  acetate  or  polyester  backings.   Special-purpose 
tapes  are  usually  made  with  polyester  backings.   Under  almost  any  con- 
ditions, the  polyester  backings  are  to  be  preferred.   Acetate  backings 
are  unreliable  for  repeated  use  or  long-term  storage.   They  require  care- 
ful handling,  and  must  be  protected  from  large  changes  of  humidity;  even 
then  they  are  liable  to  warping  -  usually  this  happens  to  the  tape  you 
need  the  most. 

The  standard-weight  polyester  backing  is  1.5  mils  (38  urn)  thick.   It 
is  tough  and  durable.   Polyester  backings  one  mil  (25  urn)  thick  have  an 
adequate  mechanical  strength  for  many  purposes,  and  permit  a  playing  time 
about  50  percent  longer  than  that  of  the  1.5-mil  stock,  but  the  problems 
of  print-through  are  correspondingly  enhanced.   However,  if  the  tapes  are 
not  likely  to  be  exposed  to  temperatures  in  excess  of  normal  room  tem- 
perature, one-mil  tape  should  prove  usable  if  the  extra  storage  capacity 
is  really  needed. 

The  thin  backings  of  double-  and  triple-play  tapes  are  not  suited 
to  quantitative  use.  They  stretch  readily,  and  print-through  problems 
are  severe. 

A  tape  formulation  using  chromium  dioxide  instead  of  the  presently- 
used  ferrous  oxide  has  been  developed.   It  offers  a  superior  signal-to- 
noise  ratio  and  frequency  range.   It  is  not  yet  available  except  in 
limited  amounts  for  cassette  tapes.   It  will  have  quite  different  re- 
quirements for  drive  and  bias,  but  these  requirements  should  be  within 
the  operating  range  of  most  professional  machines. 

3.   TAPE  FORMAT 

For  each  doubling  of  the  number  of  tracks  recorded  on  tape  of  a 
given  width,  there  is  a  sacrifice  of  about  five  dB  in  the  signal-to-noise 
ratio.   The  four-track  format  was  designed  for  home  use,  and  is  not  suit- 
able for  either  quantitative  measurements  or  psychoacoustic  work.   Not 
only  is  the  tape  noise  an  increased  constraint  on  performance,  but  the 
narrow  track  width  makes  transverse  orientation  with  respect  to  the  head 
critical.   Any  tape  weave  produces  significant  variations  in  the  play- 
back amplitude. 
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Two-  and  four-track  formats  are  not  compatible.   The  upper  track,  Or 
left-hand  channel  when  recording  stereo,  of  a  two-track  tape  may  be  play- 
able on  a  four- track  machine  if  the  recording  on  the  track  extends  to  the 
outer  edge  of  the  tape  (but  there  is  no  standard  requiring  this) .   Play- 
ing back  the  upper  track  of  a  four-track  tape  on  a  two-track  machine  will 
yield  a  signal-to-noise  ratio  degraded  by  five  dB  or  more  as  compared  to 
playback  over  a  corresponding  four-track  head.   The  lower  track  of  a  two- 
track  recording  and  the  number  three  track  of  a  four-track  recording 
occupy  spaces  that  barely  overlap. 

Unless  recordings  are  to  be  made  in  stereo,  we  would  recommend  using 
a  full-track  recorder  wherever  one  is  available.   If  all  work  must  be 
done  with  a  two-track  machine,  an  increase  of  signal-to-noise  ratio  of 
three  dB  can  be  realized  by  making  simultaneous  in-phase  recordings  on 
both  channels.   The  two  inputs  are  driven  in  parallel.   On  playback,  the 
outputs  of  the  two  channels  cannot  be  coupled  directly  together,  but  both 
the  signals  may  be  combined  via  isolation  pads.   To  avoid  phasing  prob- 
lems, the  heads  must  be  in  precise  alignment. 

It  is  possible  to  extend  the  usable  dynamic  range  of  a  tape  record- 
ing even  further  by  the  stratagem  of  making  simultaneous  recordings  on 
both  tracks  of  a  two-channel  recorder,  setting  the  input  attenuator  of 
one  channel  so  that  the  recording  level  is  of  the  order  of  15  dB  above 
the  other.   On  playback,  one  can  select  the  appropriate  channel  with  the 
necessary  complementary  attenuation. 

The  signal-to-noise  ratio  of  tape  recordings  can  be  increased  by  the 
use  of  compression-expansion  devices  which  process  different  frequency 
regions  independently  [3].   If  such  a  device  is  used  for  instrumentation 
purposes,  very  careful  calibration  procedures  must  be  used,  preferably 
using  both  sinusoids  and  gated  sinusoids  for  checking  levels. 

4.   TAPE  SPEED 

Upon  inspection  of  the  manufacturers'  literature,  it  might  be  easy 
to  conclude  that  the  frequency  range  and  signal-to-noise  ratios  of  re- 
cordings are  about  as  good  at  a  tape  speed  of  7-1/2  ips  (19.05  cm/s)  as 
they  are  for  the  tape  speed  of  15  ips  (38.1  cm/s).   There  seems  to  be  a 


widespread  assumption  that  the  qualities  of  recordings  made  at  the  lower 
speed  are  essentially  equivalent  to  those  obtained  at  the  higher  speed. 
Lost  in  the  specifications  is  the  fact  that  pre-emphasis  is  required  at 
the  high-frequency  end  of  the  range  when  the  lower  tape  speed  is  used,  in 
order  to  achieve  uniform  response  over  the  specified  frequency  range.   As 
a  result,  on  most  kinds  of  recording  tape,  signals  with  appreciable  energy 
in  the  vicinity  of  ten  kHz  will  saturate  the  tape  when  recorded  at  an  in- 
put level  of  two  dB  referred  to  0  vu  [4].   At  a  speed  of  7-1/2  ips,  a 
commonly  required  characteristic  for  pre-emphasis  is  the  imposition  of  a 
six-dB  per  octave  slope,  with  the  transition  frequency  set  at  2800  Hz. 
On  the  other  hand,  when  a  speed  of  15  ips  is  used,  the  total  pre-emphasis 
required  at  10  000  Hz  is  three  dB  or  less*  [1]. 

Because  of  the  reduced  wavelength  at  slower  recording  speeds,  fluc- 
tuations in  recorded  level  are  more  severe  in  the  high-frequency  range 
at  slow  speeds.   Figure  1  shows  the  envelope  that  results  from  recording 
a  steady-state  signal  of  10  000  Hz  at  7-1/2  and  15  ips.   These  recordings 
were  made  under  as  nearly  optimum  conditions  as  could  be  obtained,  and 
indicate  the  best  results  that  may  be  expected. 

If  the  greater  fluctuations  in  level  can  be  tolerated,  recordings 
adequate  for  some  purposes  can  be  made  at  7-1/2  ips ,  but  the  limitations 
on  dynamic  range  at  high  frequencies  must  be  taken  into  account.   The 
distribution  of  peak  energy  in  the  signal  as  a  function  of  frequency 
must  be  held  below  the  complement  of  the  pre-emphasis  used  in  recording. 
Thus,  some  degree  of  sacrifice  of  overall  signal-to-noise  ratio  is  re- 
quired.  Even  with  this  compromise,  the  recorder  must  be  maintained  in 
optimum  condition  with  respect  to  mechanical  alignment,  bias,  and  equal- 
ization, to  preserve  the  dynamic  and  frequency  range  at  7-1/2  ips. 

We  would  infer  from  data  on  the  peak  energy  distributions  of  speech 
sounds  [5]  that  the  recording  of  speech  at  7-1/2  ips  for  the  purpose  of 
studying  speech  sounds  is  a  marginal  proposition.   Notice  that  we  are 
not  discussing  recording  for  broadcast  or  home  use,  where  the  meaning  of 
the  speech  is  paramount,  and  the  occasional  saturation  of  a  short-duration 
peak  is  not  likely  to  be  noticed. 


(A) 


(B) 


Figure  1.   (A)  Tape  speed  of  7.5  ips.   Output  of  low-noise  tape  with  an 
input  of  10  kHz.   20  milliseconds  per  division. 

(B)  Tape  speed  of  15  ips.   Other  conditions  are  the  same  as 
for  (A). 


Thus j  although  most  tape  recorders  have  the  possibility  of  recording 
at  7-1/2  ips,  this  speed  should  not  be  considered  the  most  generally  use- 
ful speed.  At  a  transport  speed  of  15  ips,  most  limitations  in  the  high- 
frequency  region  are  displaced  upward  by  an  octave  and  alignment  errors 
become  less  critical.  Because  of  the  very  slight  demands  for  equaliza- 
tion, dynamic  range  is  at  its  widest  over  a  much  larger  range  of  frequen- 
cies. 

For  the  purposes  of  recording  quantitative  information  in  the  audio- 
frequency range,  speeds  of  3-3/4  ips  and  below  should  be  avoided. 

On  a  10-1/2-inch  reel  of  tape  at  15  ips,  48  minutes  of  usable  re- 
cording can  be  stored  using  one-mil  tape.   It  is  usually  more  advantageous 
to  spend  some  effort  in  organizing  the  taking  of  data  to  meet  this  limita- 
tion on  the  duration  of  uninterrupted  recording  than  to  spend  at  least  an 


equal  amount  of  time  adjusting  a  recorder  to  function  within  the  limita- 
tions imposed  by  the  7-1/2  ips  speed. 

Situations  do  arise  in  which  the  recording  time  limitation  must  be 
considered,  especially  if  the  tape  machine  available  can  handle  only  a 
seven-inch  reel.   This  size  limits  the  maximum  recording  time  to  24 
minutes  at  15  ips  using  tape  with  one-mil  backing.   If  this  time  must  be 
exceeded  in  a  continuous  run,  a  choice  must  be  made  between  using  a 
thinner  tape  or  a  tape  speed  of  7-1/2  ips.   Usually,  the  lower  tape  speed 
is  the  preferable  option. 

One  exception,  which  must  be  almost  unique,  would  be  the  recording 
of  songbirds.   Triple-play  tape  does  have  excellent  high-frequency  char- 
acteristics.  For  bird  calls,  the  response  should  extend  to  the  near 
ultrasonic.   The  dynamic  range  is  not  a  handicap  because  it  is  already 
limited  by  the  background  noise  of  the  environment.   The  input  level  must 
be  reduced  to  avoid  overload,  and  the  bias  and  equalization  readjusted 
for  this  tape.   The  recorded  signal  should  be  copied  to  a  thick  base  tape 
before  studying  or  long-term  storage  of  the  material. 

5.   RECORDING  LEVELS 

The  most  common  flaw  that  we  find  in  tape  recordings,  when  some 
error  has  been  made,  is  that  the  recordings  have  been  made  at  too  high  an 
input  level.   There  seems  to  be  the  very  human  tendency  to  worry  whether 
the  signal  is  actually  getting  onto  the  tape,  and  so  it  is  pounded  into 
the  tape.   As  a  result,  the  signal  is  on  the  tape,  for  sure,  and  so  are  a 
lot  of  distortion  products  generated  by  overloading  the  tape. 

This  problem  is  not  mitigated  by  the  type  of  recording  indicator 
used  on  most  American  machines.   The  VU  meter  has  very  sluggish  ballis- 
tics ,  and  does  not  begin  to  follow  the  peak  levels  actually  going  into 
the  recording  head.   Most  meters  are  set  so  that  the  O-vu  indication  is 
12  dB  below  the  saturation  output  limit  of  the  tape  for  steady-state  sig- 
nals.  This  allowance  is  adequate  for  signals  with  peaking  factors  of  ten 
dB  or  less.   A  sinusoidal  signal  has  a  factor  of  three  dB  between  the 
absolute  peak  and  rms  levels.   (The  peaking  factor  for  fluctuating  sig- 
nals is  usually  defined  as  the  ratio  by  which  the  peak  amplitudes  of  the 
signal  exceed,  for  some  fraction  of  the  time,  the  long-term  rms  level  of 
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the  signal.   A  figure  often  used  is  the  peak  level  exceeded  about  ten 
percent  of  the  time.)   Speech  has  a  peaking  factor  that  may  range  from  15 
to  20  dB.   Thus,  the  actual  allowance  to  be  made  for  peaks  is  not  imme- 
diately obvious,  and  varies  with  the  signal  characteristics.   Clearly, 
for  the  brief  consonant  sounds  that  occur  frequently  in  the  English  lan- 
guage, the  allowance  between  0  vu  and  saturation  is  not  adequate,  and  for 
accurate  representation  of  speech  sounds,  the  long-time  level  at  which 
speech  is  recorded  should  be  set  at  less  than  0  vu. 

Our  experience  with  recording  speech  in  an  anechoic  chamber,  using 
a  tape  speed  of  15  ips ,  has  been  that  even  when  we  had  a  tape  recorder 
in  very  good  adjustment,  we  had  to  hold  the  level  of  recording  so  that 
peaks  read  on  the  meter  were  always  below  -7  vu,  in  order  to  avoid  audi- 
ble distortion.   The  European  type  of  peak  program  meter  (such  as  the  one 
designed  by  the  BBC)  yields  indications  better  correlated  with  those 
properties  of  the  signal  that  must  be  monitored  while  recording.   The 
American  VU  meter  is  easy  to  read;  unfortunately  it  does  not  indicate 
accurately  any  necessary  feature  when  fluctuating  signals  are  applied. 

For  critical  recording,  where  accurate  knowledge  of  the  peaks  must 
be  preserved,  an  oscilloscope  can  be  used  to  monitor  the  recording  levels, 
Where  separate  outputs  are  available  to  permit  monitoring  the  signals  at 
the  recording  and  playback  heads,  a  dual-channel  oscilloscope  makes  it 
possible  to  compare  the  instantaneous  waveforms  of  the  input  and  recorded 
signals.   Magic-eye  indicators  are  really  a  simplified  form  of  oscillo- 
scope, and  though  they  are  cheap,  and  appear  often  on  inexpensive  ma- 
chines intended  for  home  use,  they  are  actually  capable  of  a  better  in- 
dication of  peak  recording  levels  than  is  the  VU  meter.   Unhappily,  they 
are  often  slowed  in  their  response  by  additional  circuits,  in  order  to 
approximate  the  ballistics  of  a  VU  meter. 

6.   RECORDER  ADJUSTMENTS 

Even  the  best  tape  recorders  require  careful  adjustment  to  produce 
optimum  results.   (Poor  machines  often  permit  no  adjustments.)   Bias 
must  be  set  for  the  type  of  tape  being  used;  the  adjustment  depends  upon 
both  the  composition  and  the  thickness  of  the  magnetic  coating  on  the 
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tape.   If  the  user  is  really  trying  for  the  best  possible  performance, 
adjustments  may  be  made  for  each  lot  of  tape.   The  instructions  pre- 
scribed by  the  manufacturers  of  the  machines  are  usually  adequate,  so  we 
are  not  attempting  to  give  a  complete  alignment  procedure.  We  will 
describe  several  techniques  which  are  not  always  given  in  instruction 
manuals,  or  may  be  at  variance  with  the  manuals,  but  which  will  usually 
give  superior  results. 

6.1.   Head  Azimuth  Alignment 

On  machines  with  separate  recording  and  playback  heads,  the  first 
part  of  the  procedure  is  to  align  the  playback  head  by  means  of  a  stand- 
ard alignment  tape.   The  next  step  is  the  alignment  of  recording  and 
playback  azimuths  together. 

On  a  multichannel  machine,  this  procedure  is  facilitated  and  made 
more  accurate  by  using  a  Lissajous  pattern  between  the  channel  outputs. 
Connect  the  outputs  of  each  channel  of  a  two-channel  recorder  to  the  X 
and  Y  inputs,  respectively,  of  an  oscilloscope. 

For  a  single  channel,  the  azimuth  of  the  playback  head  is  adjusted 
to  produce  maximum  amplitude  for  playback  from  the  high-frequency  signals 
on  the  alignment  tape.   On  a  two-channel  recorder,  this  adjustment  is 
made  for  one  channel  in  order  to  give  an  approximate  alignment,  and  then 
the  playback  head  assembly  is  adjusted  in  azimuth  until  the  outputs  of 
the  two  channels,  as  monitored  on  the  X  and  Y  channels  of  an  oscillo- 
scope, produce  the  best  straight  line  Lissajous  pattern  at  all  frequen- 
cies. Where  more  than  two  channels  are  used  on  the  machine,  the  most 
sensitive  adjustment  is  to  line  up  the  outputs  of  the  extreme  heads. 

The  quickest  way  of  setting  the  best  straight  line  is  to  use  the 
voice  portions  of  the  standard  alignment  tape.   This  setting  can  then  be 
checked  against  the  playback  of  discrete  frequencies.  The  phase  delay  in 
each  playback  head  is  now  identical.   Since  the  alignment  tape  has  been 
recorded  with  the  signals  accurately  perpendicular  to  the  direction  of 
run  of  the  tape,  the  two  playback  heads  have  now  been  set  into  proper 
alignment.   If  the  maximum  output  at  high  frequencies  for  playback  from 
the  alignment  tape  does  not  coincide  with  the  best  line  pattern  in  the 
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Lissajous  figure,  the  heads  were  poorly  assembled  in  the  first  place,  and 
only  a  compromise  adjustment  can  be  made.   At  worst,  the  phase  difference 
should  not  be  more  than  90°  at  any  frequency.   For  a  phase  difference  of 
90°,  the  Lissajous  pattern  is  spread  into  a  circle. 

It  remains  now  to  line  up  the  record  heads.   On  a  single- channel 
machine,  the  record  head  is  set  simply  to  give  the  maximum  playback  of 
high-frequency  signals  from  the  previously  aligned  playback  head.   For  a 
multichannel  machine,  a  more  sensitive  process  is  to  use  a  white  noise  at 
the  input  to  both  recording  channels,  and  to  adjust  the  azimuth  of  the 
recording  heads  to  produce  the  best  straight  line  in  the  Lissajous  pat- 
tern of  the  signal  from  the  playback  heads. 

(If  you  find  yourself  with  a  tape  recorder  whose  head  alignment  you 
suspect  to  be  incorrect,  and  are  without  an  alignment  tape,  it  is  at 
least  theoretically  possible  to  align  the  heads  by  following  the  basic 
procedure  used  to  generate  alignment  tapes.  The  first  adjustment  is  to 
align  the  record  and  playback  heads  to  produce  maximum  output  at  high 
frequencies.  The  tape  recording  made  for  this  purpose  is  then  removed 
from  the  machine  and  reversed  completely,  so  that  the  backing  is  toward 
the  heads,  and  the  playback  amplitudes  are  checked.   Of  course  the  output 
will  be  considerably  lower,  but  what  you  are  looking  for  is  the  depend- 
ence of  playback  amplitude  upon  frequency.   The  recording  and  playback 
heads  will  have  the  best  alignment  possible  when  the  playback  of  high 
frequencies  shows  the  least  droop  after  reversal  of  the  tape.) 

6.2.   Bias  Adjustment 

Best  results  are  obtained  for  usual  circumstances  by  overbiasing  the 
tape  about  one  dB.   That  is,  while  recording  a  low  frequency,  e.g.  400 
Hz,  the  bias  level  is  raised  until  the  output  is  at  a  maximum  on  play- 
back, and  then  raised  still  further  until  the  output  level  droops  to 
about  one  dB  below  the  maximum.  This  causes  the  magnetization  to  pene- 
trate further  into  the  tape,  and  reduces  modulation  noise  [6]. 

An  equally  important  advantage  to  be  derived  from  overbiasing  is  the 
possibility  of  keeping  above  the  bias  level  at  which  excess  distortion 
sets  in.  This  can  be  seen  from  the  way  distortion  depends  upon  bias.  As 
the  bias  is  increased  beyond  the  setting  for  maximum  output,  the 
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distortion  remains  essentially  constant.   As  the  bias  is  decreased  below 
the  setting  which  gives  maximum  output,  the  distortion  rises  markedly  as 
the  bias  level  declines.   Thus,  if  the  bias  is  set  for  maximum  output, 
any  factor  that  may  tend  to  decrease  the  bias,  such  as  low  line  voltage, 
will  have  the  effect  of  raising  the  amount  of  distortion.   If  the  machine 
has  been  set  to  overbias  in  the  first  place,  the  only  result  of  the  line 
voltage  dropping  is  a  slight  change  in  level.   Although  the  precise 
amount  of  overbiasing  will  in  general  depend  upon  the  tape,  as  a  rule  an 
increase  of  about  one  dB  in  the  bias  level  beyond  that  needed  for  peak 
output  will  correspond  closely  to  the  overbias  for  a  one-dB  signal  re- 
duction. 

With  most  tapes,  it  may  be  necessary  to  follow  the  overbiasing  ad- 
justment with  a  slight  increase  in  the  high-frequency  pre-emphasis 
(usually  by  about  one  dB  at  15  ips)  to  restore  maximum  overall  flatness 
in  frequency  response.   On  the  other  hand,  the  use  of  the  newer  tapes  on 
machines  designed  for  earlier  types  of  tapes  often  results  in  a  consider- 
able degree  of  excess  pre-emphasis  at  high  frequencies,  and  the  effect  of 
overbiasing  can  be  used  to  compensate  for  this  excess. 

6.3.   Noise  Balance 

This  control  is  probably  the  most  commonly  ignored  control  on  the 
tape  recorder.   Some  manufacturers  recommend  setting  the  control  for 
minimum  second-harmonic  distortion,  or  alternatively  for  minimum  noise  in 
the  playback  output  when  no  signal  is  recorded.   Using  the  latter 
technique,  the  null  in  playback  noise  is  too  broad,  and  the  search  for 
the  null  is  usually  inadequate.   For  really  good  recordings  with  a  min- 
imum of  distortion,  the  best  setting  of  the  control  is  that  which  mini- 
mizes second-harmonic  distortion. 

A  convenient  test  frequency  for  this  adjustment  is  400  Hz,  and  it 
should  be  set  at  about  0  vu  level  on  the  recording  level  meter,  but  these 
adjustments  are  not  critical.   It  is  important,  however,  to  monitor  the 
distortion  with  a  wave  analyzer,  and  the  signal  source  used  for  the  ad- 
justment must  itself  be  verified  to  introduce  less  than  0.1  percent 
second-harmonic  distortion.   Otherwise,  it  is  likely  that  you  will  intro- 
duce into  the  nulling  process  a  distortion  of  equal  magnitude  and  opposite 
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phase.   Unless  a  laboratory  has  at  hand  equipment  that  permits  making 
this  adjustment,  it  cannot  be  sure  of  making  recordings  of  very  high 
quality.   Purely  by  chance,  the  recorder  might  arrive  from  the  manufac- 
turer with  this  adjustment  optimized,  but  it  is  unwise  to  count  upon  the 
stability  of  this  good  fortune.   The  adjustment  must  be  redone  if  any  of 
the  bias  oscillator  components,  such  as  tubes  or  transistors,  are  replaced, 

6.4.   Miscellaneous  Good  Housekeeping  Procedures 

The  need  for  frequent  cleaning  and  demagnetization  of  heads,  guides 
and  capstans  should  be  obvious,  but  these  items  are  easy  to  overlook.   In 
particular,  a  recorder  should  have  these  parts  demagnetized  after  it  has 
been  transported  to  a  field  location,  if  the  requisite  AC  power  is  at 
hand.   If  heads  have  residual  magnetization,  the  background  noise  level 
will  be  increased,  and  the  even-order  components  of  nonlinear  distortion 
will  be  enhanced.   (Be  sure  to  demagnetize  the  heads  before  adjusting  the 
noise  balance  control.) 

The  conventional  head  demagnetizer  may  not  produce  enough  field  to 
remove  the  magnetization  found  in  a  tape  transport.   A  portable  magne- 
tometer is  most  suitable  for  checking  this.   A  useful  discussion  of  this 
is  found  in  Ref.  [7]. 

Heads,  capstans  and  idlers  should  be  cleaned  at  frequent  intervals, 
using  a  cleaning  solvent  recommended  by  the  manufacturer  of  the  partic- 
ular tape  recorder  in  use.   Cleaning  agents  are  not  interchangeable  among 
recorders,  because  cements  used  in  head  assemblies  differ.   Even  a  very 
small  particle  of  oxide  on  a  head  can  cause  a  drastic  cut  in  high-fre- 
quency response.   Small  amounts  of  oxide  on  the  capstan  can  cause  appreci- 
able flutter.   Keeping  all  elements  of  the  tape  transport  clean  is  a 
fundamental  necessity  for  good  tape  recording. 

Ideally,  tape  should  be  stored  on  the  takeup  reel  after  recording  or 
playing  back.   The  winding  is  usually  much  smoother  at  normal  tape  trans- 
port speed,  and  the  tension  remaining  in  the  tape  is  more  uniform.   Also, 
print-through  tends  to  dissipate  after  separation  of  the  tape  from  the 
adjacent  layer.   The  time  required  for  rewinding  allows  partial  decay  of 
print-through  to  take  place  before  the  material  on  the  tape  is  played 
back. 
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Print-through  increases  markedly  with  increasing  temperatures,  so 
that  tapes  should  not  be  stored  for  any  period  of  time  at  temperatures  in 
excess  of  normal  room  temperature.   A  common,  and  unfortunate,  environ- 
ment to  which  tapes  obtained  in  the  field  are  exposed  with  undue  fre- 
quency is  the  interior  of  a  closed  automobile  in  the  summertime.   Good 
storage  conditions  for  tapes  are  compatible  with  comfortable  environment 
for  human  beings:  about  70  °F  and  50  percent  relative  humidity. 

7.   TAPE  RECORDERS  FOR  RESEARCH  PURPOSES 

There  is  no  economy  in  buying  a  tape  recorder  that  cannot  perform  as 
well  as  is  needed  for  the  work  at  hand.   By  the  time  you  include  the  cost 
of  a  good  engineer  and  the  expense  of  accumulating  the  sound  source 
material  that  you  are  going  to  record,  even  the  most  expensive  general- 
purpose  tape  recorders  are  only  a  small  part  of  the  total  budget.   (As  a 
matter  of  fact,  you  are  recording  the  material  for  playback  precisely 
because  rerunning  of  the  original  source  of  the  sound  data  in  order  to 
interpret  it  is  too  complicated  a  process.) 

Speed  control  and  uniformity  of  tape  motion  are  two  major  difficul- 
ties in  the  execution  of  all  recorder  designs.   In  large  console  machines 
the  capstan  speed  usually  is  maintained  by  a  massive  flywheel.   Powerful 
motors  and  good  brakes  are  essential.   Brake  assemblies  should  be  made 
out  of  solid  machined  stock  where  possible.   We  had  a  memorable  experi- 
ence with  an  early  model  of  a  large,  otherwise  excellent  console  tape 
recorder,  when  the  brake  drums  separated  where  they  had  been  spot-welded 
to  the  brakeshaft,  engulfing  us  in  a  shower  of  what  had  been  our  good 
data,  most  of  it  in  little  ribbons  about  an  inch  or  two  in  length. 

As  the  foregoing  episode  shows ,  one  should  be  on  the  alert  for 
errors  of  omission  in  good  engineering  practice.   If  your  requirements 
include  rapid  starting  and  stopping  of  the  recorder,  you  must  expect  to 
have  a  tape  recorder  whose  drive  motors  are  powerful,  and  the  mechanical 
structure  holding  the  tape  deck  must  be  correspondingly  rugged.   For 
rapid  starting  and  stopping,  with  rapid  attainment  of  final  speed,  you 
can  expect  that  the  recorder  itself  will  be  relatively  heavy,  and  require 
a  large  power  supply. 
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If  you  can  allow  ample  time  for  attainment  of  final  speed,  you  will 
find  that  speed  stability  can  be  maintained  in  a  small  portable  tape  re- 
corder within  the  same  tolerances  for  wow  and  flutter  that  one  can  expect 
to  find  in  a  large  studio  console.   The  most  successful  small  recorders 
use  servo  feedback  to  sense  and  stabilize  the  capstan  speed.   Several 
battery-powered  portable  recorders  use  this  process  for  speed  stabiliza- 
tion; there  are  also  portable  power-line  operated  tape  recorders  that 
make  use  of  servo  feedback.   A  great  advantage  of  this  type  of  speed 
stabilization  in  addition  to  its  light  weight  is  that  it  has  much  lower 
inertia  than  a  flywheel,  and  permits  detailed  variation  in  playback  speed 
where  necessary. 

Most  recorders  use  synchronous  motors  to  maintain  the  standard  speed, 
and  are  not  suitable  for  field  use  powered  from  a  generator  or  converter 
unless  some  very  good  process  of  stabilizing  line  frequency  is  available. 
However,  the  portable  recorders  that  incorporate  servo  feedback  offer  the 
promise  of  usable  speed  stability  even  when  operated  from  an  AC  converter. 

For  economy  in  construction,  many  home-type  tape  recorders  and  even 
some  with  modest  professional  pretensions  stabilize  the  contact  between 
the  tape  and  the  heads  by  means  of  a  spring-loaded  pad.   This  introduces 
a  source  of  stick-slip  friction,  with  attendant  modulation  noise.   In  the 
tape  recorders  intended  for  precise  control  of  recording  and  playback 
characteristics,  the  tension  holding  the  tape  against  the  heads  is  ap- 
plied positively  via  the  tape  transport.   This  design  works  when  it  is 
executed  properly,  but  of  course  it  is  more  complex  in  structure  than  a 
pressure  pad,  and  there  are  more  chances  for  failure. 

Some  of  the  other  characteristics  which  should  be  expected  of  a  good 
machine  are  worth  summarizing  here.   Ideally,  the  dynamic  range  should  be 
limited  only  by  the  tape  medium.   The  overload  levels  for  the  electronic 
circuits  should  be  substantially  above  that  of  the  tape,  both  on  record- 
ing and  playback.   The  noise  should  be  well  below  the  inherent  noise 
level  for  the  tape.   (Some  otherwise  excellent  older  machines  introduce 
more  noise  at  low  frequencies  than  does  low-noise  tape.   This  noise  may 
be  inaudible  if  one  listens  to  playback,  because  the  ear  discriminates 
against  low  frequencies  to  some  extent,  but  still  it  may  be  sufficient 

17 


to  indicate  on  flat  measuring  equipment.)  The  noise  level  should  be 
low  enough  in  the  recorder  itself  to  permit  the  user  to  take  advantage 
of  future  improvements  in  the  tape  medium.   Since  the  process  of  tape  re- 
cording is  symmetrical,  no  even-order  distortion  should  be  observed. 

The  flutter,  as  measured  with  the  usual  3000-Hz  test  frequency,  and 
giving  weight  to  components  up  to  as  high  as  300  Hz,  should  be  held  below 
0.15  percent.   A  flutter  figure  of  0.1  percent  or  less  is  frequent  in 
good  machines.   Although  there  is  no  standardized  method  for  measuring 
flutter  components  at  higher  frequencies,  a  useful  qualitative  indication 
can  be  found  by  listening  to  the  "noisiness"  of  a  pure  tone  recorded  at  a 
frequency  of  5000  Hz  or  higher. 

Some  manufacturers  recommend  checking  for  uniformity  of  drive  speed 
by  recording  the  line  frequency  on  the  tape,  and  then  replaying  the  re- 
cording, observing  the  Lissajous  pattern  between  the  line-frequency  and 
the  playback  by  means  of  an  oscilloscope.   For  a  portable  recorder,  one 
can  use  the  pure-tone  standard  frequency  broadcasts  by  radio  station  WWV 
on  2.5,  5,  10,  15  and  20  MHz.   The  signal  can  be  recorded  and  played  back 
for  a  Lissajous  pattern  against  the  signal  received  from  WWV.   The  broad- 
casts of  WWV  are  modulated  by  440,  500  and  600  Hz  in  alternate  segments. 
(Schedule  information  is  available  from  Frequency-Time  Broadcast  Services 
Section,  National  Bureau  of  Standards,  U.  S.  Department  of  Commerce, 
Boulder,  Colorado  80302.) 

It  is  advantageous  to  have  the  bias  frequency  well  beyond  the  range 
of  the  signals  to  be  recorded.  On  well-designed  machines,  the  bias  fre- 
quency will  be  100  kHz  or  higher.  If  the  bias  frequency  is  low,  there  is 
a  strong  probability  that  it  will  be  recorded  as  intermodulation  with  the 
signal  components,  and  observed  as  increased  noise  that  is  frequency-de- 
pendent. (There  have  been  one  or  two  machines  with  low  biasing  frequen- 
cies that  have  been  remarkably  free  of  this  trouble.) 

There  are  instrumentation  recorders  that  may  also  be  used  for  record- 
ing signals  in  the  audiofrequency  range.   Usually,  however,  some  degree 
of  potential  signal-to-noise  ratio  has  been  sacrificed  to  provide  special 
features  not  relevant  to  the  ordinary  audiofrequency  range.   In  particu- 
lar, the  playback  head  may  be  designed  with  a  limited  number  of  turns  so 
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as  to  have  an  extended  high  frequency  range.   The  resultant  decreased  head 
output  voltage  causes  the  noise  produced  by  the  system  electronics  to  limit 
dynamic  range.   This  effect  is  acceptable  for  some  kinds  of  data  taking 
but  usually  not  for  audible  signals.   Generally  speaking,  where  sound  re- 
cordings of  the  greatest  dynamic  range  and  linearity  are  needed,  they  can 
be  obtained  with  machines  designed  primarily  for  audiofrequency  recording 
studios. 

8.   RERECORDING 

Even  in  instances  where  the  original  signal  recorded  on  a  tape  has 
quality  acceptable  for  use,  rerecording  copies  from  that  original  may  in- 
troduce serious  problems.   An  obvious  source  of  difficulty  is  the  inherent 
noise  of  the  recording  process:  as  a  rule,  the  tape  noise  increases  by 
three  dB  each  time  the  number  of  tape  generations  is  doubled,  e.g.,  a  copy 
of  a  copy  of  a  copy  of  an  original  tape  is  three  dB  noisier  than  a  copy  of 
the  original,  and  six  dB  noisier  than  the  original.   It  is  not  as  easy  to 
predict  quantitatively  the  increase  in  distortion,  but  it  can  be  expected 
that  distortion  will  increase  with  each  tape  generation.   Modulation  noise 
will  be  increased  in  a  complex  fashion;  sidebands  will  be  added  to  earlier 
sidebands  over  an  ever-spreading  range  of  frequencies.   For  psychoacoustic 
work,  it  is  probably  unwise  to  use  tapes  that  are  not  direct  copies  of  the 
original  material.   Where  this  choice  is  not  available,  it  may  prove 
worthwhile  to  use  one  of  the  "linearizing"  arrangements  discussed  previ- 
ously. 

Another  feature  not  to  be  overlooked  is  the  superposition  in  succes- 
sive recordings  of  the  deficiencies  in  the  tape  machines.   If  the  fre- 
quency response  is  the  same  for  each  copying  process  a  peak  of  perhaps 
two  dB  introduced  in  the  original  recording  process  will  have  grown  to 
six  dB  by  the  third  generation  -  and  at  this  level  the  peak  may  be  intol- 
erable.  The  most  painstaking  care  is  needed  to  prevent  deviations  of 
this  magnitude.   An  especial  problem  in  this  respect  is  the  "head  bump", 
a  ripple  in  the  response  at  the  low-frequency  end  of  the  spectrum  which 
is  a  function  of  the  playback-head  geometry  and  the  wavelength  of  the 
magnetized  pattern  on  the  tape.   If  machines  with  heads  of  identical  re- 
sponse are  used  for  playing  back  each  generation  when  making  copies,  the 
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effect  will  be  cumulative.   "Head  bump"  is  one  of  the  few  phenomena  in 
recording  that  proves  to  be  less  of  a  problem  at  7-1/2  ips  than  at  15  ips. 
for  it  appears  at  the  lower  speed  for  frequencies  one  octave  below  where 
it  appears  at  the  higher  speed.   Phenomena  related  to  head  bump  and 
fringing  field  effects  for  tracks  of  different  widths  may  produce  unex- 
pected anomalies  in  the  low-frequency  response  observed  when  a  tape  made 
on  one  machine  is  played  back  on  another. 

The  only  safe  course  for  keeping  track  of  recorded  data  when  copying 
is  needed  is  to  record  a  frequency  response  and  possibly  also  some  tone 
pairs  for  distortion  checking  on  the  original  recording,  copying  these 
calibrations  along  with  the  program  material  whenever  a  dub  is  made. 
Where  multiple  copying  techniques  are  used  in  the  interest  of  high-speed 
generation  of  a  number  of  copies,  as  in  making  copies  of  word  lists  for 
distribution,  this  precaution  should  always  be  used  to  insure  that  tapes 
can  be  checked  for  uniformity  of  characteristics.   Even  with  this  care 
being  taken,  it  is  risky  to  attempt  high-speed  copying  processes  where 
accurate  work  is  to  be  done. 

9.   TAPE  EDITING 

Often  it  is  necessary  to  assemble  tape-recorded  signals  in  a  differ- 
ent sequence,  or  to  change  the  time-intervals  between  signals.   Tape  re- 
cordings lend  themselves  admirably  to  these  rearrangements.   It  should  be 
obvious  that  the  beginning  or  end  of  a  desired  signal  can  be  found  by 
rocking  the  tape  slowly  past  the  playback  head,  but  evidently  this  tech- 
nique has  not  occurred  to  everyone:  we  find  a  number  of  word  lists  in 
which  the  tape  has  been  carelessly  manipulated,  so  that  words  are  chopped 
off  near  the  middle. 

Frequently  it  is  an  aid  in  editing  to  inspect  the  magnetization  on 
the  tape  by  means  of  a  tape  viewer.   This  is  a  disc  upon  which  a  magnetic 
emulsion  is  coated,  and  the  particles  clump  together  in  the  regions  of 
strong  magnetic  field.   The  portions  of  the  tape  to  be  edited  can  be 
marked  with  a  felt  writing  pen.   Grease  pencil,  which  often  is  used, 
leaves  undesirable  deposits.   If  the  tape  cannot  be  reached  when  it  is  in 
contact  with  the  playback  head,  a  mark  can  be  made  at  a  known  distance 
away  from  the  head,  and  can  be  used  for  a  reference. 
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For  splicing,  we  have  found  most  convenient  those  devices  which  hold 
the  tape  in  position  by  means  of  a  slightly  tapered  groove.   The  cut  is 
then  made  with  a  razor  blade.   (The  blade  must  be  demagnetized  before 
use,  or  a  thump  will  be  developed  when  the  signal  is  played  back  in  the 
region  occupied  by  the  splice.   Sometimes  it  is  necessary  to  demagnetize 
the  blade  repeatedly  over  several  days  so  that  all  its  residual  magnetism 
is  removed  before  it  is  used.)   The  two  ends  of  the  tape  which  are  to  be 
joined  should  be  superimposed  in  the  position  which  they  will  occupy  after 
splicing,  and  the  cut  should  be  made  through  both  of  them  in  a  single  op- 
eration, so  that  the  cut  ends  will  match  precisely.   A  dull  blade  will 
tear  and  stretch  the  tape;  this  is  particularly  a  problem  with  polyester; 
it  is  well  to  keep  a  supply  of  demagnetized  cutting  blades  on  hand.   The 
tape  viewer  is  a  convenient  way  of  inspecting  the  cutting  blade  for 
residual  magnetization. 

Ready-made  splice  sections,  which  are  peeled  off  a  card  and  then 
laid  on  to  splice  the  tape  when  it  is  still  in  position  on  the  cutting 
block,  are  the  most  convenient  way  of  completing  the  splice.   It  is  dif- 
ficult to  manipulate  all  parts  of  the  process  when  the  sections  of  splic- 
ing tape  must  be  cut  off  a  roll. 

10.   MICROPHONE  TECHNIQUES 

In  the  making  of  sound  recordings  in  the  field,  it  is  important  to 
be  aware  that  the  re cording- level  meter  on  the  tape  recorder  indicates 
only  the  level  of  signal  incident  on  the  recording  head.   It  gives  no  in- 
dication of  how  much  clipping  and  filtering  of  the  input  signal  has  oc- 
curred ahead  of  that  point.   In  the  monitoring  of  aircraft  noise,  for 
example,  it  is  particularly  important  to  ascertain  whether  any  degree  of 
rolling  off  is  occurring  in  the  recording  of  the  low-frequency  sounds 
emitted  by  the  aircraft.   With  a  dynamic  microphone,  this  restriction  in 
frequency  range  can  be  introduced  by  the  input  coupling  transformer. 
Quite  often,  the  response  of  microphones  intended  primarily  for  the  pickup 
of  speech  is  intentionally  rolled  off  for  frequencies  below  150  Hz,  in 
order  to  minimize  the  pickup  of  sounds  that  do  not  contribute  to  speech 
intelligibility.   An  additional  "incentive"  for  rolling  off  the  low-fre- 
quency extreme  of  the  audiofrequency  range  is  the  fact  that  input 
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transformers  are  likely  to  show  saturation  at  lower  signal  levels  at  the 
low-frequency  end  of  their  range  than  they  show  at  midrange.  Since  the 
distortion  components  are  generally  of  higher  frequency  than  the  signal 
that  gave  rise  to  them,  they  are  thrown  toward  the  midrange  of  the  fre- 
quencies being  recorded,  and  merely  interfere  with  the  dynamic  range  of 
signals  that  can  be  recorded  there. 

For  these  reasons,  it  is  absolutely  essential  to  calibrate  the  sig- 
nal directly  as  it  comes  off  the  microphone.   A  convenient  arrangement 
for  doing  this  also  permits  the  entire  recording  system  to  be  compensated 
at  a  later  time  for  its  limitations  in  frequency  range,  provided  they  are 
not  too  abrupt.   The  ground  circuit  of  the  microphone  is  offset  from  the 
system  ground  by  means  of  a  resistor  whose  impedance  is  low  relative  to 
that  of  the  microphone.   An  auxiliary  signal  generator  is  connected 
through  a  calibrated  attenuator  to  the  resistor,  and  the  voltage  output 
of  the  generator  (usually  a  sine-wave  generator)  is  monitored  at  the  in- 
put to  the  attenuator.   This  technique  is  called  an  "insert  voltage  tech- 
nique".  Where  maximum  precision  is  desired,  each  reel  of  tape  has  placed 
upon  its  input  a  series  of  pure-tone  recordings  with  known  settings  of 
the  signal  generator  and  attenuator,  preferably  spanning  the  extremes  of 
the  frequency  range  expected  to  appear  on  the  recording,  and  covering  a 
dynamic  range  extending  somewhat  above  the  maximum  sound  level  anticipated. 
The  sound  levels  which  correspond  to  these  signals  can  be  computed  from 
the  open-circuit  voltage  response  of  the  microphone. 

This  recording  of  the  insert  signal  must  be  done  with  the  microphone 
in  a  reasonably  quiet  location,  but  it  has  the  great  advantage  that  the 
known  signal  is  introduced  into  the  recording  system  at  precisely  the 
same  location  as  the  signal  arising  from  the  sound  field.   Thus  the  tape- 
recorded  signal  carries  with  it  at  all  times  the  information  needed  to 
reduce  the  data  on  it  to  an  absolute  sound  level.   An  alternative  pro- 
cedure is  to  record  the  data  through  the  microphone  system  of  a  sound- 
level  meter  of  high  quality,  monitoring  the  readings  of  the  sound-level 
meter  in  terms  of  all  octave  band  indications  available  as  well  as  the 
overall  "linear"  weighting  scale.   A  sound-level  meter  conforming  to  the 
ANSI  standard  for  precision  sound-level  meters  should  be  capable  of 
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linear  indication  over  the  range  of  signals  to  be  recorded.   It  will  then 
become  clear  whether  the  tape  recorder  itself  is  being  overloaded,  if  it 
proves  impossible  to  duplicate  these  readings,  at  least  in  terms  of 
relative  levels,  upon  playback  of  the  tape.   This  arrangement  requires  no 
modification  of  existing  equipment,  but  is  less  likely  to  indicate  the 
sources  of  nonlinearity  than  is  the  insert  method. 

There  is  a  tendency  to  use  dynamic  microphones  for  making  sound  re- 
cordings in  the  field  because  of  their  apparently  rugged  structure.   How- 
ever, for  measurements  of  aircraft  flyover  noise,  where  the  problem  is 
more  likely  to  be  very  high  sound  levels  and  saturation  effects,  we  rec- 
ommend the  use  of  one-half  inch  condenser  microphones.   Whereas  it  is 
possible  to  drop  a  dynamic  microphone  and  find  that  it  still  picks  up 
sound,  it  is  probable  that  the  microphone  may  have  sustained  as  much  dam- 
age to  its  precision  of  calibration  as  would  a  condenser  microphone  after 
similar  mistreatment. 

The  relatively  large  size  of  dynamic  microphones  makes  orientation  a 
problem,  because  of  the  diffraction  of  high-frequency  sounds.   On  one- 
half  inch  condenser  microphones,  errors  of  orientation  over  the  ordinary 
audiofrequency  range  likely  to  be  important  for  airborne  sound,  i.e.  be- 
low ten  kHz,  will  not  amount  to  more  than  a  few  dB.   In  addition,  such  a 
microphone  will  be  "flat"  within  ±1  dB  over  most  of  the  audiofrequency 
range,  because  of  its  very  simple  structure  and  high  damping.   Very  care- 
fully adjusted  damping  is  needed  to  produce  the  same  degree  of  "flatness" 
in  a  dynamic  microphone.   The  sensitivity  of  a  one-half  inch  condenser 
microphone  will  probably  be  lower  than  that  of  most  dynamic  microphones 
intended  for  the  ordinary  range  of  sound  levels,  but  in  the  case  of  air- 
craft flyover  noise  the  problem  is  not  sensitivity,  but  saturation. 

The  only  drawback  to  the  use  of  a  condenser  microphone  in  field  re- 
cordings is  the  relaxation  oscillation  that  may  appear  when  measurements 
are  taken  under  conditions  of  high  humidity.   The  breakdown  of  the  polar- 
izing charge  gives  rise  to  "pop"  sounds,  occurring  first  at  infrequent 
but  somewhat  regular  intervals.   Ultimately,  the  rate  of  breakdown  becomes 
rapid  and  the  resultant  signal  seems  like  random  noise.   This  is  easily 
mitigated  by  carrying  a  small  sealed  box  for  the  microphone,  fitted  with 
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a  container  of  fresh  desiccating  material,  such  as  silica  gel.   One-half 
hour  in  the  drying  chamber  will  permit  several  hours'  use  of  the  micro- 
phone before  the  breakdown  problem  recurs. 

Several  manufacturers  of  sound-level  meters  provide  condenser  micro- 
phones and  preamplifiers  with  their  instruments  as  optional  equipment; 
they  also  are  available  from  manufacturers  of  broadcast  equipment,  both 
here  and  abroad.   They  are  readily  adapted  for  use  with  an  insert  cali- 
brating technique,  and  their  high  impedance  is  particularly  convenient 
for  this  purpose,  since  it  permits  the  use  of  ordinary  attenuators  in- 
tended for  line  use  (typically  600  ohms) ,  and  the  voltages  to  be  measured 
are  likewise  conveniently  larger  than  for  the  dynamic  microphones. 

Measurements  of  sound  in  open  fields  -  literally  in  the  field  -  re- 
quire some  arrangement  to  protect  the  microphone  against  wind  turbulence. 
Although  it  is  less  of  a  problem  for  the  stiff-plate  end  structure  that 
is  the  diaphragm  of  a  condenser  microphone  than  it  is  for  the  compliant 
diaphragm  of  a  dynamic  microphone,  it  must  be  dealt  with.   Commercial 
wind  screens  are  available. 

References  [8]  and  [9]  relate  to  the  application  of  wind  screens  to 
microphone  measurements  in  the  field. 
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12 .   GLOSSARY 

Bias  -  A  high  frequency  sinusoid  which  is  added  to,  but  not  modulated  by, 
the  audio  signal  in  order  to  produce  a  linear  amplitude  characteristic  in 
the  recording. 

Dynamic  range  -  The  difference  in  decibels  between  the  noise  level  of  the 
system  and  its  overload  point. 

Peak  program  meter  -  A  meter  which,  with  its  associated  circuitry,  has  a 
very  fast  rise  and  slow  decay  so  that  the  peaks  in  the  program  material 
are  indicated. 

Print-through  -  The  transferring  of  signals  from  a  layer  of  tape  to 
adjacent  layers. 

Servo  feedback  -  A  method  of  speed  control  for  a  mechanism  -  usually 
rotating.   A  common  procedure  is  to  place  a  permanent  magnetization 
pattern  on  the  shaft  or  use  a  magnetized  gear  so  that  a  stationary  de- 
tecting coil  is  subjected  to  a  changing  magnetic  field.   The  magnitude 
or  frequency  of  the  voltage  induced  on  the  pickup  coil  is  used  to  derive 
an  inverse-feedback  signal  that  controls  the  current  driving  the  mechanism. 

Signal-to-noise  ratio  -  The  ratio  between  the  magnitude  of  the  signal  to 
that  of  the  noise.   In  tape  recording,  a  signal  level  of  +6  vu  is  commonly 
used  when  determining  this  ratio.   A  weighted  signal-to-noise  ratio, 
especially  one  using  an  A-weighting  for  the  noise,  may  be  used  for  some 
applications.   The  characteristics  of  an  A-weighting  may  be  found  in  ANSI 
standard  SI. 4-1971. 

VU  meter  -  A  meter  having  ballistic  and  scale  characteristics  as  specified 
in  ANSI  Standard  C16. 5-1954  (R1961).  The  term  is  often  carelessly  used  to 
indicate  any  type  of  monitoring  meter  on  a  tape  recorder. 

Wow  and  flutter  -  Deviations  from  a  uniform  tape  speed.   Wow  is  a  slow 
periodic  change  in  speed,  whereas  flutter  results  from  an  irregular  motion 
of  the  tape. 
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